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Abstract
Sincethelatel980s,deciduousoakdiebackhasbeenprevalentinJapan・Anunidentified
ambrosiafUngus,genusRq#tJe/eq,isthecausalagentinoakdieback.Asymbiotic
ambrosiabeetle,PIa抑ﾌ"s9Ⅸ〃civo"s(Murayama)(Col.:Platypodidae)isthevectorofthis
fUnguS・First,wesummarizedthespreadingpattemofthediebackatnationwideleveland
atafbreststandlevel.Then，weanalyzedalocal-levelpattemofthespreadsbyusingaero
photos.Atanationlevel,thespreadingpattemofoakdiebackshowedthetypicalpattemof
biologicalinvasion:theincidenceofoakdiebackspreadconcentlicallyfi･omthesource
population,whichsupportedthehypothesisthattheRqjiJelecmsp.-P.9"ercivor"swasan
invasivepesttothisarea・Atalocallevel,oakdiebackspreadbyacombinationof
long-distancedispersalanddiffusion.Atastandlevel,theincidenceofthediebackstarted
tooccuratmountainridgethenspreaddownwardsalongsIopesbecauseP.9Ⅸ〃civo"shas
ahabittoaggregatenearmountainridgeorupperedgefacingroads.
1.Introduction
Biologicalinvasionhavecausedfbrestdeclineinmanyplacesintheworld:thechestnut
blight,gypsymothintheNorthAmelica,theDutchelmdiseaseinEurope,thepinewood
nematodeinAsia.DeciduousoakdiebackinJapanhasbeenknownsincethel930sbutin
thelastlOyearsepidemicshaveintensifiedandspreadintonewwestcoastalareas[9]・An
unidentifiedambrosiafUngus,genusRq#tJe/eq,isthecausalagentinoakdieback[Takanori
KUBONOPers.Comm.]・Asymbioticambrosiabeetle,P/"Iyp"9Ⅸ〃cjvoJws(Murayama)
(Col.:Platypodidae)isthevectorofthisfungus.Althoughrelatedbeetlesgenerallyattack
stressedtrees,P.9Ⅸ〃c〃oJwsattacksandkillsvigoroustrees・Thisisthefirstexampleofan
ambrosiafUnguScamedbyanambrosiabeetlethatkillsvigorouStl℃es[71.Although45
speciesamong27generainl7familiesofwoodyplantshavebeenrecordedashostplants
ofP.9"〃c〃""[8,18,19,21],woodyplantsbelongingtotheFagaceaefamilyare
consideredasanessentialhostofP.9"〃cjvoJwsbecausethebeetleattackdensitywashigh
ontreesoftheFagaceaefamilybutlowontreesbelongingtootherfamilies[8,21].There
aremanyrecordsofP.9"〃c〃oJwsoutbreaksinevergreenoakstandsinJapan,butfew
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evergreenoaktreeswerekilledbythisbeetleeventhoughmanyentryholeswerefoundon
thetmnksurface[17,21,22,23]・Inlshikawa,themortalitywasca.40%forQ""c"
c"Sp""butlowfbrotherconcurrentFagaceaespecieseventhougheachspeciesreceiveda
similarnumberofbeetleattacks[12,13].TreesotherthanQ.c"Sp""provedtobel℃sistant
toRqtJel"sp.ThebeetlesshowedtheleastpreferencefbrQ.c"""jqbuttheyhadtheir
highestreproductivesuccessinthisspecies[13,141.Sincethesebeetlescanl℃alizeahigher
reproductionrateonQ.c"""I",thebeetlescanspl℃admoI℃rapidlyinstandswithahigh
compositionofQ.c"Sp"jq[13].Thissituation,similartoanexoticpestintroducedintoa
newenvironment,I℃sultsinhigherinsectperfonnancethanontheoriginalhost.Amongthe
Fagaceaespeciesfbundinourl℃searchplotsinlshikawa,Q・〃jPsMIaisdistributedinthe
coolestplaces[16].Platypodidsal℃abundantintropicalandsubtropicall℃gions[1,2,10,
11,151.PIQI)リブ"s9"""vo"JsisalsodismbutedinStoSEAsia,Taiwan,andtheJapanese
Archipelago[18,191.JapanisthenorthemmostregionoftheP､9"〃cjvoJwsdistribution.
Oakdiebackoccursinthenorthem/highmarginsoftheP.9"eﾉ℃〃oJwsdiStributionandin
thesouthem/lowmarginsofQ.c"sp"jqdistlibution.OaksotherthanQ.crjPsIJI(zare
resistanttoRqizele(zsp.probablybecauseastablerelationshiphasbeenfonnedamong
thesetreespecies,thefilngus,andtheinsectinalongevolutionaryprocess.Q""c"
c"""jqwasprobablyleftoutofthecoevolution[13].
Inthispaper,weanalyzedthreediffel℃ntlevelsofspreadingpattemofoakdieback:
nationwide,Iocalandstandlevels.
Fig.1LocationsofincidenceofoakdiebackcausedbyRqizeleasp.camedbyPI"リブ“
9"〃c加oJws.[9].
2.NationwideLevelofOak-DiebackSpreads
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Sincethelatel980s,deciduousoakdiebackhasbeenprevalentinJapan[9].Oakdieback
hasbeenrecordedsincethel930s,butuptol980,theepidemicscontinuedforonlyafew
yearsinseveralareasonthewestsideofJapan(fi9.1).Morerecently,theepidemicshave
continuedfOrmorethanlOyears,andtheareaofdiebackhasbeenspreadingtonewplaces
wherenodiebackhadbeenrecordedinthepast(fi9.1).Thespreadingpattemofoak
diebackshowsthetypicalpattemofbiologicalinvasion:newincidenceofoakdieback
spreadconcentricallyfromthesourcepopulation[3,20].Consideringthedistributionof
thisinsectandtheresultsofpreference-perfonnancerelationshipofP.9"〃cIvoMsatatree
specieslevel,P.9"〃c〃oFwswasnativeinJapanbutdoesnotseemtobenativeinthe
placeswheretheoakdiebackisprevalent.Theinsectwasprobablyintroducedfromthe
Kyushulsland,southemmostmainislandofJapan,and/orfbreigncountliesby
transportationoflogs.
3.StandLevelDynamicsofRQ""ciw･"slnfeStation
BecauseadultbeetlestendtomoveupwardalongsIopesandshowpositivephototaxis,the
highestconcentrationofflyingbeetlesusuallyoccursatthefOrestedgeorattheedgeof
fbrestgaps[4,5]・Thepattemsofincidenceofnewlyinfestedtreeswereasfbllows[4]:The
infeStationStartSaroundthetreeSattackedinthepreviouSyeal:WithincreaSingdenSity,it
spreadsoutasconcentriccirclesfromtheepicenter,whichisfbnnedneartheupperfbrest
edgefrontingaroadormountainlidge(fi9.2).TheocculTenceofnewlyinfestedtrees
proceededdownwardsalongtheslopesintheoppositedirectiontoadultmovement・Adult
beetlesselectspecificspeciesofhosttreesbutdonotdiscliminateamongtreesofthesame
species[12].Theyattackbothhealthyandweakenedtrees,andsusceptibleandresistant
treeSwithoutanvdiScrimination.
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Fig.2Temporalandspatialmodelsofdirectionalmovementandspatialdistributionof
P/a卵"s'9"〃c〃omsadults,andtheincidenceofnewinfestations.[5].
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ThetotalnumberofnewentryholesofR9"eﾉ℃ivoJwsoneachtreeandthereproductive
successofthisbeetlewassignificantlyaffectedbytheinfestationhiStoIyofthetreeupuntil
thepreviousyear,butitwasnotaffectedbywhetherthetreewasaliveordead.Smaller
numbersofR9""civoJwsattackedtreesthathadbeenpreviouslyinfested[12].Theycould
notreproduceatallontreesthatwereinfestedfi･omthepreviousyear[14].Thenecrosis
causedbyRq＃tzelefzsp.isiikelytomakethetreebecomeanunsuitablesubstratefbr
ambrosiafilngiand/orfbrR9"eﾉ℃ivoJws[6,14].Treesthatwereinfestedfi･omtheprevious
yearsseldomdiefromthisinsect-fUngusrelationship,whichisoneofthemajorcausesof
thephenomenonthat,atastandlevel,thenumberofincidenceofthediebackpeakedina
fewyearsafterinvasionthendecreased.
Becausetheoccurrenceofinfestationproceededdownwardsalongtheslope,andbecause
treesthatwereinfestedfromthepreviousyearsseldomdiefromthisinsect-fUngus
relationship,theincidenceofoakdiebackspreadsdownwardsalongtheslopeyearbyyear
(fig.3).
●:<2000,O:2000,":2001
Fig.31ncidenceofoakdiebackproceededdownwardsalongtheslopeyearbyyear.
4.SpreadingPatternoftheIncidenceofOakDiebackataLocalLevel
Figure4Ashowsapproximaterangeofareasthatweinvestigatedthelocal-ievelofa
spreadingpattemoftheincidenceofoakdiebackandalocationofthestudyplotinwhich
wehaveinveStigatedincidenceofoakdiebackataStandlevel･Figures4B-4Eshowthe
Iocationsofindividualoaktreethatwerekilledbytheinsect-filngusrelationshipineach
yearofl997-2000.Inl997,theoakdiebackfirStSpreadalongamountainridge(Fig.4B),
whichseemedtoberelatedtoahabitofpositivephototaxisofadultbeetlesandahabit
flyingupwardsalongslopes･Inl998,thepatternofstratifIeddiffilsion,acombinationof
diffUsionandalong-distancedispersalfromsourcepopulations,wasrecognizedinthearea
(Fig.4C):TheocculTenceofoakdiebackspreaddownwardsalongaslopeinsomeofthe
stands,inwhichoakdiebackoccu,Tedinthemountainridgeinthepreviousyear.The
occurrenceofoak-diebackalsojumpedintonewplacesthatwereapart廿omtheSource
PoPulations.Inl999and2000,thispattemofstratifieddiffilsionwasmoreadvanced(Fig.
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4D,E).Inl999,incidenceofdiebackdecreasedintheplaceswheretheinfestationstarted
inl997butincreasedinthelowerleftportionsoffig.4.In2000,incidenceofdieback
increasedintheleftportionsandupperdghtofthe6g.4Ewherethediebackwasnot
prevalentfbnnerly.AftertheP､9"ercivor"sinvasionfromFukuiPrefecture,thelowerleft
portionsof6g.4,inl995orl996,theoakdiebackhadbecomeprevalentovertheareain
these5or6Vears.
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Fig.4LocationsofincidenceofoakdiebackcausedbyRqjize/eczsp.camedbyPIar”"s
9"ercivor"sbefOrel980(a)andafterl980(b).[9].
5.Conclusions
Atanationlevel,thespreadingpattemofoakdiebackshowedthetypicalpattemof
biologicalinvasion:theincidenceofoakdiebackSpreadconcentdcallyfi･omthesource
population,whichSupportedthehypotheSiSthattheRα＃ZzelefJsp.P.9"ercivor"swasnotan
exoticpestbutnewtothisarea.Atalocallevel,oakdiebackspICadbyacombinationof
long-distancedispersalanddiffusion・Atastandlevel、theincidenceofthediebackstarted
tooccuratmountainridgethenspreaddownwardsalongslopesbecauseP.9"ercivor"shas
ahabittoaggregatenearmountainddgeorupperedgefacingroads.
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